Considering the impact of products' eco-friendly level on demand, a two-stage closed-loop supply chain composed by a single manufacturer and a single retailer is constructed. Under both decentralized and centralized decision-making models, the paper deeply researches into the difference of supply chain system in economic benefits, environmental protection and social benefits, and a revenue sharing contract is applied to realize coordination between the manufacture and the retailer. The results show that the system of supply chain in centralized decision-making model is more efficient than that in decentralized decision-making model in economic benefits, environmental protection and social benefits, and the revenue sharing contract can coordinate the supply chain very well. Under two decision-making models, the products' eco-friendly level, return rate and profit of the node enterprise are positively correlated to the consumer environmental awareness, and negatively correlated to the price sensitivity as well as the cost parameter of green investment; the price is positively correlated to the scaling parameter of collecting and handling; return rate and profit of the node enterprise are negatively correlated, and products' eco-friendly level is irrelevant.
Introduction
Abandonment of used products will not only cause serious environmental pollution, but also waste a lot of non-renewable resources. Since the 1980s, many countries and regions have formulated a series of laws, regulations and requirements for recycling used products. For example, Japan adopts the "consumer responsibility", study three types of decision models: Model C-centralized decision-making model, Model D-decentralized decision-making model, and Model R-revenue sharing contract decision-making models in order to research following main questions:
(1) How are the wholesale price, the retail price, the eco-friendly improvement, the return rate and profits of decision-makers determined by the choice of different decision-making models?
(2) How do the consumers' environmental awareness influence the retail price, the eco-friendly improvement, the return rate and profits of decision-makers? (3) How do the revenue sharing contract realize coordination of closed-loop supply chain? We find that the system of supply chain in centralized decision-making model is more efficient than that in decentralized decision-making model in economic benefits, environmental protection and social benefits, and the revenue sharing contract (Model R) can coordinate the supply chain very well. In addition, in Model C and Model D, the retail price, return rate and profit of decision-makers are positively correlated to the consumer environmental awareness, and negatively correlated to the cost parameter of green investment as well as the scaling parameter of collecting and handling; the products' eco-friendly level, is positively correlated to the consumer environmental awareness, while negatively correlated to the cost parameter of green investment, but irrelevant with the scaling parameter of collecting and handling.
The remainder of the paper is organized as follows. In Section 2, we make some assumptions for the theoretical analysis. In Section 3, we model centralized decision-making model and decentralized decision-making model, and make comparison between two models. In Section 4, we introduce revenue sharing contract model to realize coordination in closed-loop supply chain. Section 5 presents a numerical example to illustrate some interesting insights. Section 6 concludes this paper.
Model Assumptions and Notations
We consider a two-echelon CLSC consisting of a single manufacturer, a single retailer. The manufacturer can manufacture products directly from raw materials, or remanufacture returned products into new products. We consider product categories in which there is no distinction, such as function, quality and packaging, between are manufactured product and a manufactured product. And the manufacturer engages in green innovation investment in order to improve eco-friendly level of products. The manufacturer sets the whole sale price paid to the retailer per unit of green product, while the retailer sets the selling price and sells the product to consumers.
The primary goal of this paper is to understand the implications of different decision-making models in CLSC considering consumer environmental awareness for optimal decisions and decision-makers' profits, then we introduce a revenue sharing contract to realize the cooperation between two parties. We also examine the sensitivity of the optimal return rate, eco-friendly level, retail price, and decision-makers' profits to various parameters to reveal the effect of interactions among the two parties indifferent decision-making models of CLSC. We use the notations in Table 1 throughout the paper.
We use the following notations throughout the paper. h The cost of green innovation investment parameter.
D
The demand of new products in the market, where D a te bp = + − , a is the market size, t is the consumer environmental awareness, e is the products' eco-friendly level and b is the elasticity of demand.
Without loss of generality, we make the following modeling assumptions which are often adopted by many classic papers. Assumption 1. Producing a new product by using a used product is less costly than manufacturing a new one, i.e., r m c c < and r c and m c are the same for all remanufactured and manufactured products respectively. And we assume that m r m c c ≤ − , i.e., the fixed payment per unit concluding collecting and handling the used product is less than the savings generated per unit from remanufacturing [3] [20] [21] .
Assumption 2. We characterize the reverse channel performance by α , the return rate of used products from the customers. α denotes the fraction of current generation products remanufactured from returned units, i.e., 0 1 α ≤ ≤ . We model a as a function of the product collection effort, which is denoted by I, the investment in collection activities. Such investments can be considered as promotional expenditures undertaken by the manufacturer. To characterize the diminishing returns to investment, we use the cost structure Assumption 5. In CLSC, the manufacturer has absolute channel power over the retailer, acting as a Stackelberg leader.
Model Formulation and Solution
This section primarily analyzes two decision-making models in a two-echelon CLCS considering the consumer environmental awareness, viz., Model C and model D, and their effect on optimal decisions and supply chain profits. Model C which is a benchmark model is analyzed to highlight benefits resulting from cooperation between two parties. We solve these models to obtain optimal decisions and compare the optimal decision variables concluding the wholesale price, the retail price, the return rate, the product eco-friendly level and total chain profits, in addition we research the sensitivity of these decision variables to reveal the effect of interactions among the two parties in different decision-making models of CLSC and provide some practical insights. All propositions and theorems can be proved (see Appendix for details).
Model C-Centralized Decision-Making Model
The centralized decision-making model (Model C) provides a benchmark scenario to compare the decentralized decision-making model with respect to the supply chain profits, the reverse channel performance, and the eco-friendly level. Because there is a single decision maker, the wholesale price w and the cost of collecting and handling m are irrelevant to the formulation f the objective function. Hence, the central planner optimizes.
( ) 
The total profit of CLSC is:
Model D-Decentralized Decision-Making Model
In the decentralized decision-making model, the manufacturer and the retailer are independent stakeholders who regard maximization of personal profit as the decision target. The manufacturer who is the game leader firstly determine the whole sale prices, the return rate and the eco-friendly level, then the retailer decide the market price as follow. Because the manufacturer has the first-mover advantage, so he will predict the response made by the retailer before making a decision, so we can use the method of backward induction to solving model. The model D can be stated as: 
The optimal decision for the retailer is: 
The profit of the manufacturer is: 
The profit of the retailer is: 
The total profit of CLSC is: 
Comparison of Two Decision-Making Models
Theorem 1. The return rate, eco-friendly level, retail price, and the total profit of CLSC in centralized decision-making model and decentralized decision-making model are related as:
See Appendix for Proof. Centralized decision-making not only help to reduce the market price, increase the recovery rate of the product, but also increase the overall supply chain profit level, indicating that cooperation has important economic, environmental and social benefits, but also shows the cooperation of consumers can be achieved, producers and social tripartite win-win situation.
Theorem 2. When the consumer environmental awareness, t, increases, the return rate, eco-friendly level, retail price, and the total profit of CLSC will increase.
See Appendix for Proof. When t increases, consumers are willing to pay higher prices for more eco-friendly products, which provides the entire supply chain with higher value-adding opportunity, the manufacturer will improve eco-friendly level of products, thus two parties are benefit from it. In addition, given others conditions remain unchanged, the more used product remanufactured into new product, the more profits two parties obtain, so the manufacturer will increase the return rate. On the other hand, the manufacture also increases green innovation investment resulting in higher retail price.
Theorem 3. When the cost parameter of green innovation investment, h, decreases, the return rate, ecofriendly level, retail price, and the total profit of CLSC will increase,
The cost parameter of green innovation investment represents the technical difficulty of producing green products, it means that the more higher the cost parameter, the more difficult for production, while, the more small for it, the more easy. When h decreases, the manufacture produce green productions with an advanced technology, which provides the entire supply chain with the benefit resulting from technological progress, the manufacturer will improve eco-friendly level of products, thus two parties are benefit from it.
Theorem 4. When the scaling parameter of collection investment, k, decreases, the return rate , retail price, and the total profit of CLSC will increase, but the eco-friendly level will not be changed.
The scaling parameter of collection investment represents the efficiency of collecting and handling used products, it means that the more higher scaling parameter, the more inefficient for collection, while, the more small for it, the more efficient. When k decreases, the manufacture collect and handle used productions with higher efficiency, which provides the entire supply chain with the benefit resulting from improvement of efficiency, the manufacturer will increase return rate, thus two parties are benefit from it. But the eco-friendly level will not be changed. Based on optimal equation for the eco-friendly level, i.e.
2 t e bh = , we can know that given the elasticity of demand, b, keeps unchanged, when the consumer environmental awareness, t, increase, and the cost parameter of green investment, h, decrease simultaneously, the ecofriendly level will increase. The result imply that if we want to improve the eco-friendly level of products, from the outside, we should improve the environmental awareness of consumers, and the consumer environmental awareness must to be converted to green purchases rather than staying in ideas only; internally, enterprise should continue to improve the green technologies to reduce the cost of producing green products. This also shows that the goal of environmental protection cannot be achieved by one person alone, and it depends on consumers and producers together.
Model R-Revenue-Sharing Contract
When decentralized decision-making due to the presence of "double marginalization" effect, causing the level of the operating efficiency of the supply chain is difficult to achieve when the centralized decision-making. However, centralized decision-making is only an ideal situation, often by way of the actual operation of contracts to supply chain system Pareto optimization. Revenue-sharing contract is a contract is a widely used form, which requires the manufacturer to lower the wholesale price to the retailer, but the retailer to sell a certain percentage of revenue sharing with the manufacturer. Thus, the function of the manufacturer and the retailer can be stated as: 
Profits of the manufacturer, the retailer and the CSCL are: 
Numerical Examples
In this section, we analyze the return rate, eco-friendly level, retail price, and the profits of decision-makers in three decision-making models, and further analyze the impact of revenue sharing factor on the profits of manufacturer and the retailer by a numerical example. We assume the parameters as follows: Table 2 shows the return rate, eco-friendly level, retail price, and the profit of the manufacturer, the retailer and the system of CLCS in threes decision-making models. From Table 2 , we can see: a) the profit of CLSC in centralized decision-making model is greater than that in decentralized decision-making model, and there are lower retailer price, higher return rate in former; b) the eco-friendly level will not be changed, no matter what decision-making model had be adopted, indicating that decision-making models have no effect on eco-friendly environmental level; c) the wholesale price in revenue-sharing contract is dropped dramatically comparing with in decentralized decision-making model, while the retail price, the return rate, the eco-friendly level and the profit of CLSC system all reach the level of centralized decision-making model, in addition, profits of the manufacturer and the retailer are more than that they can gain in decentralized decision-making model, showing that the revenue sharing contract not only realize the coordination in CLSC, but offers a sound mechanism of profit allocation between the manufacturer and the retailer. Above results from numerical analysis are consistent with Theorem 1. Profits of the manufacturer and the retailer in revenue sharing contract model are correlated with the sharing factor y. Figure 1 shows the impact of sharing factor on profits.
From Figure 1 , we can see: when the sharing factor belonging to the manufacturer is increase, the profit of the manufacture will increase gradually, while, the profit of the retailer will decrease and vice versa. But the sharing factor varies within (0.51, 0.76) as long as, profits of the manufacturer and the retailer are more than that they can get in decentralized decision-making model, thus the cooperation between two parties is considerably stable, which suggests that the revenue sharing contract not only meets the constraint of incentive compatibility, but meet the constraint of individual rationality, realizing the coordination in CLSC considering the consumer environmental awareness very well. The feasibility of revenue sharing contract is also affirmed.
Conclusions
To achieve green production, not only to the recycling of waste products, we should also improve the green of the product in production. And the consumer's environmental awareness increases gradually confronting with the deterioration of environment. The consumers' environmental awareness affects consumers' willingness to pay higher prices for more eco-friendly products (Chitra, 2007 ) which can vary greatly across different industries and consumer groups, and can change over time (Laroche et al., 2001; Carlson, 2005) . Based on this idea, we construct a two-echelon closed-loop supply chain consisting of a single manufacturer and a retailer. We are interested in the impact of consumers' environmental awareness and on decision makers in two different decision-making models, where the first decision-making model is the centralized decision-making model (Model C) that there is a center planner; the second decision-making model is decentralized decision-making model (Model D) that two parties are independent stakeholders. And we draw comparison between the Model C and the Model D. We also investigate how consumers' environmental awareness, the efficiency of green investment and the efficiency of collecting and handing influence the profits of the two decision makers in the two decision-making models.
We find that compared with Model C, although the eco-friendly level keeps constant, there is inefficiency in Model D, while Model R which is feasible and flexible can realize the coordination in CLCS. As consumers' environmental awareness increases and improvement of green technology, both the manufacturer and the retailer will benefit and the manufacturer will increase green investment and expand the scale of returning. Moreover, as the efficiency of collecting and handling increase, the profitability of two decision-makers and the return will increase, even which can change the eco-friendly level of products. In particular, the above results are of mana- gerial relevance. First, cooperation between two parties has an impact on the retail price, return rates of used products, the total profit of CLSC. The mechanism of profit allocation is key to coordination. Moreover, the policy-makers, manufacturers, as well as retailers must understand that a major benefit of making and selling eco-friendly products and remanufacturing used products in new green products is from the demand enhancement and savings generated from remanufacturing due to the consumer environmental awareness. Hence, it is important for us to educate the public to increase environmental awareness of consumers so that improving eco-friendliness of products and the return rate becomes a value-adding activity. In addition, manufactures cannot ignore the progress in green production technology and the increasement of efficiency in collecting and handing used products. The policy-makers can also do something, such as offering subsidiary for manufacturers' green innovation activities and intensifying the investment in collecting infrastructure to ease the burden of recyclers.
It should be noted that this paper only studies a two-echelon supply chain consisting of a single manufacturer and a single retailer. The practical supply chain network in reality is often more complicated than that in our model, for example, a manufacturer may be faced with many competitive retailers, while a retailer also may face a number of competitive manufacturers who produce alternative green products. All of these questions are our future works.
Proof of proposition 1
To have an interior point solution for π , π should satisfy the first-order conditions 
Then, we can calculate the Hessian matrix as follows: 
Proof of proposition 2
Given a wholesale price w , the eco-friendly level e and the return rate α , the retailer decides optimal decisions on the retailing price p . We can solve response function of the retailer: π is jointly concave in w , e and α . Thus, we can solve the optimal decisions of the manufacturer, i.e., 
Proof of theorem 1
Note that in the proof of Proposition 1, we solve ( ) Submit your manuscript at: http://papersubmission.scirp.org/
